The need for quicker methods of identifying bacterial cultures is reflected in the large number of rapid biochemical methods that have been described in recent years. Procedures have varied widely although the principles have usually been the same, namely, the use of large inocula of young organisms, small amounts of media, ideal incubation conditions, and sensitive tests for changes that have occurred in the substrates. This research on methods of detecting gelatin hydrolysis was done to evaluate and improve rapid methods. The aims have been to select reliable methods and thereby save the time of the laboratory worker, and to devise micromethods for detecting changes in the substrate in order to conserve materials.
MATERIALS AND METHODS
Three basic procedures for detecting hydrolysis of gelatin have been investigated: (a) Testing with ninhydrin for amino acids produced during hydrolysis (Levinson and Sevag, 1954) ; (b) precipitating unhydrolyzed gelatin in an agargelatin medium so as to show hydrolysis by the presence of a cleared area around the bacterial cultures. Acid mercuric chloride (HgCl2, 15 g; concentrated HCI, 20 ml; distilled water, 100 ml) and 1.0 per cent solution of tannic acid (Frazier, 1926) , and 20 per cent sulfosalycilic acid (Chapman, 1952) were tested as precipitating agents. Also, a method of incorporating ammonium sulfate and sodium chloride in the medium (Chapman, 1948 ) was tried. (c) The liquefaction of discs of formalin-denatured gelatin (Kohn, 1953 Clarke and Cowan (1952), and Clarke (1953) .
(1) Plate modification of Frazier (1926) method:-Plates are poured with 15-ml quantities of medium (tryptose, 20 g; beef extract, 3 g; agar, 15 g; MnSO4, 10 ppm; gelatin, 10 g; distilled water, 1000 ml; pH 7.0). The plates are dried overnight under Coors porcelain tops and are then spot-inoculated with 3-mm loopfuls of actively growing cultures on tryptose-beef extract agar slants. After suitable periods of incubation (at 37 C in this study), which may vary from 1 to 96 hr with different strains of organisms, the plates are developed by wiping off the site of inoculation with a cotton swab soaked in the acid mercuric chloride indicator of Frazier (1926) or 20 per cent sulfosalycylic acid (Chapman, 1952) . Plates that are to be incubated for over 48 hr should have snugly-fitting sterile filter paper discs placed inside the tops of the plates and, after 48 hr, the discs should be moistened daily with sterile distilled water.
Inoculation of the plates from liquid-medium cultures or cell suspensions may lead to "halos" around the areas of inoculation due to reduction of the gelatin content of the medium from dilution with the liquid. These must not be confused with clearing due to gelatin hydrolysis.
Adjustment of the medium to pH 8.0 gave better results with a strain of Staphylococcus aureus but poorer results with some other organisms.
Manganese sulfate was added to the medium after it had been shown to give more rapid results, as suggested by the work of Levinson and Sevag (1954) . The addition of cysteine or the substitution of cysteine and iron for the manganese, as suggested by the works of Weil and Kochalty (1937) (2) Tube modification of the Frazier (1926) method:-The same medium is used as in the plate modification. It is dispensed in 1.0-ml amounts in 10 by 75 mm tubes. The tubes are preheated in a 37 C water bath and then inoculated by layering 0.2-ml amounts of dense cell suspensions on the surface. The cell suspensions are prepared by harvesting the growths from 4.0-to 4.5-hr slant cultures on tryptose-beef extract agar in 1.0-ml amounts of saline. After suitable periods of incubation in the water bath, 2 or 3 drops of the acid mercuric chloride "developer" are added to each tube to be tested. A clear area below the meniscus is indicative of gelatin hydrolysis. A slightly lighter area may result from reduction of the gelatin content at the surface of the medium by dilution with the liquid of the inoculum. To avoid misinterpretation, a control tube to which 0.2 ml of sterile saline has been added should be used. When the tubes are to be incubated beyond 48 hr, 0.1-ml quantities of saline should be added daily, after 48 hr, or the tubes should be closed with stoppers or screw caps.
If 0.1 per cent cysteine is added to the medium and lead acetate papers are inserted into the mouths of the tubes, hydrogen sulfide production can be detected in 1 to 8 hr without interference with the demonstration of gelatin hydrolysis.
(3) Plate method using an ammonium sulfatesodium chloride medium:-In studies with staphylococci, Chapman (1948) avoided the use of a developing solution by incorporating ammonium sulfate along with the sodium chloride in Stone's medium. The medium was cloudy and clear areas developed around the colonies of gelatin utilizers. By changing the basic medium and the proportion of ammonium sulfate and sodium chloride, we have been able to adapt the principle of this medium for use with organisms other than staphylococci.
The medium contains: gelatin, 5 g; agar, 10 g; NaCl, 9.0 g; MnSO4, 10 ppm; (NH4)2 S04, 120 g; and distilled water, 1000 ml. The gelatin, NaCl, MnSO4, and agar are first put into solution by heating. The ammonium sulfate is added, whereupon the medium becomes opaque-white, due to the precipitated gelatin. The pH of the medium is adjusted to 7.0 and it is dispensed into tubes in 11-to 12-ml amounts. It is sterilized by autoclaving for 10 min at 10 pounds pressure. In pouring the plates the agar should be decanted from any heavy precipitate that may have formed in the bottoms of the tubes during autoclaving.
The plates were inoculated as were the plates with the modified Frazier method. Apparently, hydrolysis of the gelatin is the result of preformed enzymes since the cultures fail to grow on the medium. Peculiarly, the addition of tryptose and beef extract to the medium produced a medium that gave some false negative results. The results of a typical experiment with representative slow and rapid gelatin liquefying cultures, using the four procedures that have been described, are given in table 1. These results have been repeated with only slight variations in times. It can be seen that all the procedures gave reliable results within 1 to 6 hr for the rapidliquefying cultures and 24 to 96 hr for the slow liquefiers, except that the strain of Salmonella abortus-bovis gave negative results by the plate method with the ammonium sulfate-sodium chloride medium. These results are difficult to explain since the same culture hydrolyzed gelatin when the tube method was used with the same medium. The plate modification of the Frazier method and the tube method with the ammonium sulfate-sodium chloride medium gave the most rapid results. The former was more rapid with the rapid liquefiers but the times were about the same with the slow liquefiers.
In addition to the results that are shown in the Methods using formalin-denatured gelatin. Using discs prepared as described by Kohn (1953) , this method gave reliable results with nutrient agar slant and nutrient broth cultures. More rapid results were obtained with the slant cultures than with the broth cultures. Except with Serratia marcescens, results were obtained more rapidly with this procedure than with the routine stab culture procedures, but not nearly as rapidly as with the methods using gelatin-precipitating agents.
The Greene and Larks (1955) rapid modification of the Kohn method was modified by reducing the gelatin content of the discs to 5 per cent, which produced more rapid results. This method gave reliable results in from 1.5 to 18 hr with a group of rapid-liquefying cultures. In some cases it was as rapid as the methods with gelatin-precipitating agents. Strains of Bacillus anthracis could be distinguished from those of other liquefying bacilli by their requirement of 15 to 18 hr for the demonstration of gelatin hydrolysis as compared to 2 to 6 hr. This distinction could not be made with the slightly more rapid methods with gelatin-precipitating agents.
With the addition of 0.1 per cent cysteine and 10 ppm of manganese sulfate to the peptone water and the placing of lead acetate papers in the tubes, it has been possible to detect hydrogen sulfide production rapidly (15 to 45 min) without affecting the results of the gelatin hydrolysis test.
The Lautrop (1956a, b) If the simultaneous determination of hydrogen sulfide production from cysteine is desired, the tube modification of the Frazier method, the tube method with the ammonium sulfate-sodium chloride medium, or the modified Greene and Larks method may be used. To determine hydrogen sulfide production from sodium thiosulfate it is necessary to use the method with the ammonium sulfate-sodium chloride medium.
SUMMARY
A ninhydrin method, four procedures in which a gelatin-precipitating agent is used, and three modifications of Kohn's method have been investigated for the rapid determination of gelatin hydrolysis. A plate modification of Frazier's method in which the cultures are spot-inoculated on a nutrient gelatin-agar medium and the plate is developed after incubation with an acid mercuric chloride solution has given the most rapid results, showing gelatin hydrolysis after one hour with rapid liquefiers and after 24 to 74 hr with slow liquefiers that require up to 9 weeks with the routine stab culture method. A tube method using an ammonium sulfate-sodium chloride medium has given results almost as rapidly. Both methods have given accurate results. Lautrop's method and a modification of Greene and Larks' method have also given reliable results, but not quite as rapidly. The production of hydrogen sulfide from cysteine or sodium thiosulfate may be determined simultaneously with gelatin hydrolysis using the tube method with the ammonium sulfate-sodium chloride medium by adding the sulfur source to the medium and placing lead acetate papers in the tubes. Hydrogen sulfide production from cysteine may also be determined with the tube modification of the Frazier method or the Greene and Larks method.
